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CORROSION SEAL FOR THREADED CONNECTIONS 


Background of The Invention 

Field of the Invention 

The present invention relates to threaded connectors used to secure the ends of 
tubular bodies together. More particularly, the present invention relates to threaded 
connections provided with seals to protect the threads in pipe connections from exposure 
to corrosive fluids. 
Setting of the Invention 

Pipelines that extend through saltwater bodies are employed for multiple purposes, 
often associated with the drilling of oil and gas wells and the production and distribution 
of the oil and gas produced by the wells. When the pipelines are not buried or otherwise 
solidly anchored within the saltwater body, they are subjected to dynamic loadings that 
can eventually cause the pipelines to rupture or otherwise fail. The stresses induced by 
dynamic loading in the connections of the individual tubular bodies forming the pipeline 
are of particular concern. 

Jointed pipelines that are secured together by the threaded engagement of pin and 
box connectors at the ends of individual pipe sections are employed in marine riser pipes 
as well as submerged pipelines and other bottom-to-surface supply lines. The marine riser 
pipelines are typically constructed of tubular pipe sections that are secured together at 
their ends by special connectors designed to withstand the destructive effects of the 
dynamic loading acting on the riser. The dynamic loading of the riser is caused by 
changing sea currents, changes in surface exerted tension resulting from wind and wave 
action against a surface support of the riser, and other factors. 

The effects of dynamic loading on the connections used in marine applications may 


be offset, in part, by the use of connectors that have the strength required to withstand the 
forces imparted by the environment. Conventional riser connections typically employ 
heavy tool joint type connections that are welded onto the end of the pipe. These 
connections are very resistant to fatigue damage and typically employ a metal-to-metal 
torque shoulder as an external seal, similar to the design employed in a conventional drill 
pipe tool joint. Connections of this type have a very low stress concentration factor 
(SCF) and provide an environmental seal that prevents the seawater from contacting the 
threads in the connection. 

The tool joint design is expensive to machine and requires the added step and 
expense of welding the connector to the pipe. The welding procedure also introduces a 
potential point of fatigue failure for the dynamically loaded connector. Moreover, as 
compared with a conventional threaded and coupled connection, the tool joint type 
connection is extremely heavy, requiring additional surface support. 

Conventional threaded and coupled connections have been successfully employed 
as the outer riser in a marine installation for short time periods. Such connections cost 
less than 1/6 the cost of tool joint type connectors. The long-term reliability of these 
conventional connections in a saltwater environment under dynamic loading conditions, 
however, is not reasonably predictable. The problem stems from the fact that, when used 
as risers, the threads of conventional threaded and coupled connectors are exposed to salt 
water that can accelerate corrosion of the threaded area. The dynamic loading of the riser 
constantly flexes the connections laterally and imposes cyclical tension and compression 
stresses. The unengaged pin threads that have been machined into the pipe are exposed 
to the salt water. These exposed threads concentrate the stresses exerted on the pipe. 
Adding the effects of corrosion to the cyclical stress concentration unreasonably exposes 
the connection to a fatigue induced failure that will generally occur in the area of the last 


full thread formed on the bore of the pin member of the connection. 

The strength of a standard threaded and coupled connection is optimized by 
forming the pin threads such that the thread roots "run out" or continue to decrease in 
depth on the external surface of the pipe until they disappear at a point referred to as the 
"last scratch." The final turns of the threads do not make a full depth cut into the pipe 
body and are not normally intended to be engaged and covered by threads in the mating 
coupling. From the point of the last full threaded engagement with the box threads to the 
last scratch of the pin threads, the pin threads in a conventional threaded and coupled 
connection are exposed to the surrounding environment. The corrosive effects of 
saltwater in this area of exposure can accelerate the failure of a connector subjected to 
cyclical, dynamically induced forces. 

From the foregoing, it will be appreciated that a general object of the present 
invention is to prevent contact of the threads of a dynamically loaded connector with the 
corrosive fluids surrounding the connector. 

A primary object of the present invention is to protect the exposed external pin 
threads in conventionally threaded connections of dynamically loaded pipe strings 
disposed in a body of saltwater. 

Yet another object of the present invention is to provide a thread configuration on 
a non-upset pin that is sealed away from corrosive fluids to protect the pin from fatigue 
damage induced by cyclical, dynamic loading of the pin. 

An important object of the present invention is to protect a conventionally 
threaded and coupled connection from the effects of saltwater exposure to the pin to 
prevent fatigue-induced damage when the connection is subjected to dynamic loading. 

A related object of the present invention is to provide a marine riser pipe that 
weighs substantially less than a marine riser constructed with conventional tool joint type 


connections. 

Yet another object of the present invention is to provide a marine pipeline that can 
withstand dynamic loading in a corrosive environment without the need for heavy, tool 
joint type connectors. 

An object of the present invention is to provide a threaded pin connector that may 
be subjected to dynamic loading in a marine environment wherein the pin to the thread 
configuration redirects the imposed loads away from the last thread scratch area to 
minimize fatigue damage in the pin connection. 

An object of the present invention is to protect the normally exposed pin threads 
in a pin and box connection from contact with corrosive fluid by providing an external 
metal-to-metal seal between the pin and box of the connection. 

Yet another object to the present invention is to protect the normally exposed pin 
threads in a pin and box connection from contact with corrosive fluids by providing an 
external elastomeric seal between the pin and box of the connection. 

It is also an object of the present invention to provide an external seal for 
protecting the normally exposed threads on a pin and box connection with a compression 
ring that actuates a protective seal between the pin and box without inducing significant 
mechanical stress in the connection. 

Another object of the present invention is to provide a compression ring that 
encircles a pin and engages auxiliary threads on a box to advance the ring toward the box 
and compress an elastomeric seal between the box and pin whereby the normally exposed 
pin threads in the connection are isolated from contact with corrosive fluids. 

An object of the present invention is to provide a compression ring that encircles 
the pin of a pin and box connector and is threadedly secured to threads formed on the 
external surface of the box whereby rotation of the compression ring compresses an 


annular, elastomeric seal between the pin and box to protect the normally exposed pin 
threads from contact with salt water. A related object of the present invention is to 
provide a compression ring that mates with threads formed on the internal surface of the 
coupling to compress the elastomeric seal ring. 
Summary of Invention 

The normally exposed pin runout threads on fully engaged, threaded and coupled 
connections are sealed from saltwater to prevent corrosion of the threaded area that can 
accelerate fatigue-induced failure in dynamically loaded pipelines. The seals may be 
employed with conventional threaded and coupled connectors permitting the fabrication 
of pipelines that are inexpensive and lightweight as compared with pipelines constructed 
with conventional tool joint type connectors. 

The protective seal designs of the present invention permit the use of connections 
having runout threads that exhibit superior load-bearing characteristics in dynamically 
stressed applications. 

An important feature of the present invention is that the pin connectors may be 
fabricated on the ends of non-upset pipe eliminating the expense and weight of 
conventional marine connectors. 

Standard marine riser connections frequently include special groove designs and 
other connection configurations that redirect forces away from the areas of the pin most 
susceptible to fatigue induced failures resulting from cyclical, dynamic loading. Because 
they are protected from the effects of corrosive fluids surrounding the riser connections, 
the connectors of the present invention may employ the inherent force redirection effects 
of an inexpensive, conventional pin runout thread to achieve similar results. 

The external seal portion of the present invention may be provided by metal-to- 
metal engagement between the pin and box or by an elastomeric annular seal compressed 


between the pin and box. The metal-to-metal external seal may be provided by 
engagement of the face of the box with a shoulder formed on the pin end of a non-upset 
pipe. The shoulder may be provided by an enlargement of the pin outside diameter. 
Where an annular, elastomeric seal is provided, the seal may be carried on the outer 
surface of the pin body or may be disposed in the box of the connector. 

One form of the invention employs a compression ring threaded to the box to 
effect an external seal preventing salt water from contacting the normally exposed pin 
threads in a conventional threaded and coupled connection. The compression ring 
actuates an annular, elastomeric seal ring that isolates the normally exposed pin threads 
from saltwater contact. The compression ring cooperates with a second seal that protects 
the seal ring threads from saltwater exposure. The second seal may be either a metal-to- 
metal seal or an elastomeric seal. The seal ring provides the desired sealing of the 
exposed pin threads without imposing any structural stresses in the connection. 

The foregoing objects and features of the present invention, as well as others, will 
be more fully understood and better appreciated by reference to the following drawings, 
written description and claims. 

Brief Description of the Drawing s 

Figure 1 is to a partial cross sectional view of a connector of the present invention 
formed by the threaded engagement of two pipe ends within a coupling forming two pin 
and box connections; 

Figure 2 is an enlarged cross sectional view illustrating details in the metal-to- 
metal engagement of the external seal of the connector of Figure 1; 

Figure 3 is an enlarged cross sectional view of a modified metal-to-metal external 
seal of the connector of the present invention illustrating an enlarged pin section providing 


a portion of a metal-to-metal seal; 

Figure 4 is an enlarged cross sectional view of a modified form of an external seal 
of the connector of the present invention illustrating a pin of the connector carrying an 
elastomeric external seal and provided with a load redirection groove; 

Figure 5 is an enlarged cross sectional view of a modified form of an external seal 
of the connector of the present invention illustrating a box of the connector carrying an 
elastomeric annular seal engaging a reduced diameter section of a pin; 

Figure 6 is an enlarged cross sectional view of a modified form of an external seal 
of the connector of the present invention illustrating a box of the connector carrying an 
elastomeric annular seal engaging the runout area of threads on a pin; 

Figure 7 is a cross sectional view of a modified form of an external seal of the 
connector of the present invention illustrating an annular, elastomeric seal compressed 
between the face of the box and a metal annular ring secured to the pin; 

Figure 8 is a cross sectional view of yet another modified form of the present 
invention illustrating a frustoconical internal seal surface at the face of a box for engaging 
and compressing an annular, elastomeric seal against the external surface of the pin to 
provide an external seal; 

Figure 9 is a cross sectional view of a modified form of a connector of the present 
invention illustrating a compression ring threaded onto the end of a box, with elastomeric 
and metal-to-metal seals protecting the pin threads and the compression ring threads from 
contact with corrosive fluids; 

Figure 10 is a cross sectional view of a modified form of a connector of the 
present invention illustrating a compression ring threaded onto the end of a box with 
elastomeric seals protecting both the pin threads and the compression ring threads from 
contact with corrosive fluids; and 


Figure 1 1 is a cross sectional view of a modified form of a connector of the 
present invention illustrating a compression ring threadedly secured to internally formed 
threads in the coupling used to form an external seal to protect the pin threads of the 
connection. 

Description of the Illustrated Embodiments 


^ F i ljiipH nttrprlT flt^ n ronvfl n t i^ nnl thread and r^ nplpH r. Qnnjacfaan-o^ the-pi^S£qf> 
invention, indicated generally at 10. The connection 10 includes a couplingjtfmcated 
generally at 12 secured at its free ends to the free pin end of pins 13^arfa 14 formed at the 
ends, of adjoined pipe segments 15 and 16, respectively: The threaded and coupled 
connection 10 is comprised of separate thre^detfconnections formed at each end of the 
coupling 12. The coupling 12 pjevicfes a box end 17 that cooperates with the pin 13 to 
provide a first pyvatfdDox connection. Similarly, a box 18 at the opposite end of the 
< £5np lin g 1 2 rx mperate fi with the pin 1 4 to provid e- a s e cond pm-artd Lux CQl ll iecLiuit >^ 
The detailed description that follows is directed to the pin and box connection 
formed by the pin 13 and box 17, which in all respects is similar to that of the connection 
provided by the pin 14 and box 18. Reference is made jointly to Figures 1 and 2. 

The box section 17 terminates at one axial end 20 where it engages and seals 
against the body of the pipe section 15 to form a metal-to-metal seal indicated generally 
at 21 . The seal engagement surface of the box 1 7 is provided by an internal, frustoconical 
seal surface 22 adjacent the face of the coupling end 20. The seal engagement surface of 
the pipe section 15 is provided by a frustoconical seal surface 23 formed along the 
external surface of the pipe. 
£ 3 y ^ - The pin 1 3 is pr o ved wjfh ^ . m™ 1 t hr rndfi ? . 5 thatcngagQ jmd 


threads 26 formed within the boxJJ^-At-the^omt 28, engagement of the threads 25 and 
26 tei^jiaatesieavinga gap 30 in which the runout threads of the pin are exposed. At the 


afoiet # - 10 - # 

Appropriate make up pos i liuii between the p tn 13 and box 17, the metal-to-metal sea 


provided by the engaged seal surfaces 22 and^23^pr^ents^nfry^f fluids from^an^eaA^ 
externally of the connectionJntcrtKe^imular gap 30 to protect the pin threads from the 

^efi^^rfrnro^oFiion > 

An axial end 32 of the pin 13 engages a shoulder 33 formed internally of the 
coupling 12 to provide a seal precluding the entry of fluids from an area B within the piper 
sections into the threaded area between the pin and box. It will thus be appreciated that 
the threaded area of the pin and box in the connector 10 is isolated from contact with 
corrosive fluids that may be externally or internally in contact with the connector. 

With ref er ence to Figure 2, an imp u itdul aspec t o f the described foi m "o£: 
present invention is that the shoulder 23 is formed within an external cylindrical surface 
34 forming the nominal outside diameter of a major portmn^f the pipe section 15. The 
threads 25 on the pin 13 run out on a cylindrica^^tirface 35 having a diameter no greater 
than the nominal diameter of the pipe surface 34. The illustrated design of Figures 1 and 
2 permits the use of non-ijp£et pipe for the pin construction and eliminates the 
requirement to wel^dr otherwise affix a large tubular end piece to the pipe section in 
^r r l e r tn s^nrn n rnnnprtnr t hfl t ran wit.hst.q pd thf> eiflfenK tif dy namic, l o ading in a ** 
ro s i v^ envirottmeatr 


coitoj 


re 3 oi the drawings uiustiaiea a modified foim -o£ 4he presertjn^sn tietr 
indicated generally at 36 in which a pipe section 37^ith^rfiominal outside diameter 
indicated at a cylindrical surface3^is^nl^ged to have an outside diameter depicted at 39 


"provide a3houldcr 41 for a 3oal surface 42 uf a box 45': 


^~jA feature of the - cmbod i mcnt of Figure 3 13 that threads 47 on a 


-are 


permitted to run out on the outsidedian^etep-ef'tHe^ylkdrical surface 37 which is the 
s^me^s4he^ominaroutside diameter at 38 of the pipe section 37, permitting the thickness 


r ofthe pin^H of the-t ubular b o dy to be incre ased as corap ai e d with th e"form of 



invention illustrated in Figure 1. Benefits of the designajDe-^h^fmcreased structural 
strength may be providedii^the-thfeadedarea of the connection and the metal-to-metal 
iScted withgut^r-sig nificant increase in the amount of met^JJn-tte-GonnectiQn^ 
5 Another connector of the present invention is indicated generally at 50 in Figure 

4 of the drawings. The connector 50 includes a box 5 1 made up to a pin 53. Threads 54 
formed internally of the box 5 1 engage and mate with threads 55 formed externally of the 
pin 53. An annular, elastomeric 0-ring seal 57 is carried in an annular groove 58 formed 
along the external surface of the pin 53 . The pin 53 is formed at the end of a pipe section 
1gl 60 that has a nominal outside diameter indicated at the cylindrical surface 61. A load 

m redirection groove 63 is formed on the external surface of the pipe section 60, decreasing 

'£} in diameter from the nominal outside diameter area 6 1 to a reduced diameter indicated at 

The 0-ring seal 57 engages a cylindrical internal surface 67 of the pin 5 1 to provide 
1|g an external seal that prevents entry of fluids from the area A external to the connection 

Q into the box area defined between the box 5 1 and the pin 53 . The load redirection groove 

63 diverts the dynamically imposed forces acting against the connection away from the 
stress concentration area provided by the groove 58. 

Figure 5 of the invention illustrates a connector indicated generally at 70 provided 
20 with an internal, elastomeric 0-ring seal 7 1 carried in a groove 73 formed within a box 75 . 

The 0-ring 71 seals against a cylindrical external surface 76 that is reduced in diameter 
from that of the nominal outside diameter of the pipe 79. The nominal outside diameter 
of the pipe 79 is indicated by the cylindrical surface 77. Threads 80 formed on a pin 81 
run out onto a cylindrical surface 83 having a diameter less than that of the seal diameter 
25 of the surface 76. 


The O-ring 71 cooperates with the surface 76 to provide an external seal that 
prevents entry of fluids from the area A external to the connection into the threaded area 
contained between the pin 81 and box 75. 

A modified form the invention is illustrated in Figure 6, indicated generally at 90. 
The connection 90 includes a coupling box 91 and a pin 92. An annular, elastomeric seal 
ring 93 is carried in an annular groove formed internally of the box 9 1 . Pin threads 95 run 
out on a cylindrical surface 96 forming the nominal outside diameter of a pipe 97. The 
seal ring 93, which may be constructed of a polymer of polytetrafluoroethylene, such as 
Teflon® or other suitable material, is adapted to engage and seal with the threads 95 in 
the area of the last scratch of the threads. The seal ring 93 may be cut with an internal 
profile indicated at 98 permitting the pin and box to be threaded together without 
displacing the seal ring. The form of the coupling indicated in Figure 6 permits machining 
of threads on a pin body having a substantially full depth wall to maximize the strength of 
the structural connection between the pin and box. 

Figure 7 of the drawings illustrates a form of the invention indicated generally at 

100 in which an annular, elastomeric ring 101 is compressed between a fixed steel ring 
102 and a face 103 of a box 104. While the steel ring 102 may be anchored to the pin by 
any suitable means, it is preferably secured through a heat shrink procedure. The ring 101 
may be constructed of Teflon® or other suitable material. The compression of the ring 

101 forms a seal between the box, the steel ring 102 and a reduced diameter section 106 
of a pin 107. The threaded area of the pin is formed on the outside wall of the pin 
intermediate a nominal outside diameter section 108 of a pipe 109 and the pin end (not 
illustrated). As with the previously Illustrated embodiments, the external seal of the 
connector 100 prevents corrosive fluids externally of the connection in the area A from 
entering into the threaded area contained between the pin and box. 



vfa " 13 " 

CA L /^J^igure^8"THttS trate s a - modifi ed-fefm-o f the - coWieC l ui - of the pros ent-4BvefltK 


indicated generally at 1 10. The connector 110 includes a pin 111 and a box 1 12rThe pin 
111 includes threads 114 that run out on a nominal outside diametepH3of a pipe section 
116. An annular, elastomeric ring 118, having a rectangpl^r cross section, is cemented 
or otherwise suitably secured to the pin 116 on^fche outside diameter 115. The ring 118 
may be constructed of rubber, Tefloij®^6r other suitable sealing material. An internal, 
frustoconical seal surface Unformed adjacent the face 120 of the coupling 1 12 is adapted 
to engag e and ce mfpress th q ijng 1 1 R tn prnwi4* v4hrayt<»in :<1 *:h h1 pml noting llm Ihiwik- 

pin 111 and 

Figure 9 of the drawings illustrates a modified form of the invention indicated 
generally at 130. The connection 130 includes a pin 131, a box 132, pin threads 133 and 
box threads 134. The pin threads run out to a nominal outside diameter 136 of a pipe 
section 137. 

A compression ring 140 is threadedly engaged with the box 132 by auxiliary 
threads 142 formed within the ring 140 and along the external surface of the end of the 
box 1 3 2 . The auxiliary threads 1 42 are preferably straight threads rather than interference 
threads. The compression ring 140 includes an internal shoulder 145 that engages an 
annular seal ring 146 and compresses the seal ring against an end face 148 of the box 132. 
As the ring 1 40 is threaded onto the box 132, the compression ring shoulder 1 45 advances 
toward the box face 148 to compress the seal ring 146. Compression of the seal ring 
forms a seal with the outside diameter area 136 of the pin to provide a complete external 
seal isolating the threaded area between the pin and box from corrosive fluids contained 
in the area A externally of the connection. The external surface area indicated generally 
at 149, of the compression ring 140 is made sufficiently long, axially, to accommodate the 
power tools (not illustrated) employed to grip and turn the compression ring. 



U <L \ ' Ti le end face of the c o mpr ession rttig forms ^armetat-te-^ m e tal ■ S gal i _jndig^g 
generally at 150, with a frustoconical seal surfaceJJXibmted^n^Eeextemal surface of 
the box. At the fall ma^eup-ptJsifion of the compression ring with the box 132, the metal- 
to HTiGt^ s eal 150 ai k l " t he seal ling seal 146 -pfeve nt c o ntac t of Goi rosiv e - fluids with th e- 
5 ~4hfeads-44^ — 

Figure 10 of the drawings illustrates a form of the connector of the present 
invention indicated generally at 150. The connector 150 includes a box 151, a pin 152, 
pin threads 153, and box threads 154. The pin threads 153 runout on an external, 
cylindrical surface indicated at 156 representing the nominal outside diameter of a pipe 
1^ section 1 57. A compression ring 1 60 is secured to the external surface of the pin 151 with 

En mating threads 161 that are formed internally of the ring 160 and externally of the box 

"Si 

*0 151. An elastomeric seal ring 163 is positioned between an internal compression ring 

„ shoulder 164 and an end face 165 of the box 151. Rotation of the compression ring 

L advances the ring along the threads 1 6 1 to compress the compression ring 1 63 providing 

1® 311 external seal protecting the threads 1 53 and 1 54 between the pin and box. A crush ring 

Q 167 is compressed between the end of an internal, frustoconical compression ring seal 

surface 168 and an external box shoulder 169. 

Compression of the ring 163 forms a seal between the box end 165, the 
compression ring shoulder 164 and the nominal outside pipe diameter of the pipe 157 to 
20 protect the coupling and pin threads from exposure to corrosive fluids external to the 

connection in area A. The seal ring 163 and the crush ring 167 protect the auxiliary 
threads 161 from contact with external fluids in area A. 

Figure 1 1 of the drawings illustrates a modified form of the invention indicated 
generally at 1 80. The connection 1 80 includes a pin 1 8 1 , a box 1 82, pin threads 1 83, and 
25 box threads 184. Compression ring 186 is carried over a nominal outside diameter 


indicated at 187 of a pipe section 188. The compression ring 186 is threadedly secured 
to the end of the box 182 by auxiliary threads 190 formed internally of the box and 
externally of the ring. 

Threaded advancement of the compression ring 186 into the box 182 compresses 
an annular seal ring 191 between a ring end surface 192 and an internal box shoulder 193 
formed at the base of the auxiliary threads 1 90. Compression of the seal ring 191 creates 
seals with the nominal outside diameter surface 1 87 and the box 1 82 to protect the threads 
1 83 and 1 84 from corrosive fluids external to the connection in an area A. A face seal 
195 at the end of the box 182 mates with a compression ring shoulder 196 to provide a 
metal-to-metal seal that cooperates with the seal ring 191 to prevent fluids external to the 
connection from contacting the auxiliary threads 190. 

While preferred forms of the present invention have been described in detail 
herein, it will be appreciated that other forms, modifications and variations of the present 
invention may be made without departing from the spirit or scope of the invention, which 
is more fully defined within the terms of the following claims. 


